All 17 Salmonella typhi strains tested from the epidemic in Mexico carried R factors of compatibility group H, conferring resistance to chloramphenicol, streptomycin, tetracycline, and sulfonamides. Some S. typhi strains carried, in addition, non-conjugative, ampicillin resistance plasmids and R factors of the I or A-C complex. All 20 Shigella dysenteriae 1 strains tested of epidemic origin carried 0-group R factors. Ampicillin resistance in S. dysenteriae 1 was not proved to be plasmid borne. R factors of group H were not identified in any of the tested Mexican isolates other than S. typhi, but R factors of group 0 were identified in Escherichia coli, Shigella flexneri, and one strain of S. typhi, as well as in the epidemic S. dysenteriae. An R factor was identified which seemed to have two compatibility specificities, groups Iw and 0.
The epidemic of typhoid fever which broke explosively in Mexico City and Pachuca early in 1972 has not yet come to an end. Over 10,000 confirmed cases have occurred. Most strains of Salmonellae typhi isolated during the outbreak have carried transmissible multiple resistance factors conferring resistance to chloramphenicol, tetracycline, streptomycin, and sulfonamides (CmTcSmSu). A few strains were resistant to ampicillin (Ap) in addition to the other four drugs, and one was resistant to kanamycin (Km); these resistances were also plasmid determined (32) .
The outbreak of typhoid fever in Mexico followed a severe epidemic of bacillary dysentery in Central America, in which the causative organism, Shigella dysenteriae type 1, was resistant to the same four drugs, chloramphenicol, tetracycline, streptomycin, and sulfonamides, as the epidemic strain of S. typhi in Mexico. This raised the question of whether the same plasmid was present in both epidemic pathogens and possibly associated with virulence (16) . Differences between the properties of the resistance plasmids from these two sources have subsequently been shown by Marsh and Smith (Abstr. Annu. Meet. Amer. Soc. Microbiol., p. 63, 1973) , Marsh (Manuscript in preparation), and Thorne and Farrar (35) .
E. S. Anderson and his colleagues have shown that strains of S. typhi isolated in India (33) and also in Britain, from travelers probably infected in Spain and Mexico, carried R factors belonging to a compatibility group designated H (1, 19) .
We report' here on the compatibility properties of R factors from strains of S. typhi isolated in various parts of Mexico during the current epidemic, including those conferring resistance to ampicillin. They are compared with R factors from strains of S. typhi isolated in India and South Africa and with those derived from other bacterial genera isolated in Mexico and Central America, in particular from epidemic strains of S. dysenteriae 1.
MATERIALS AND METHODS
Origins of resistant bacteria. Origins of the naturally occurring resistant bacteria whose R factors were studied are shown in Table 1 . S. typhi strains were isolated in Mexico in 1972 from various geographical areas and from India and South Africa. S. dysenteriae 1 strains were isolated in Mexico from various areas during 1970, 1971, and 1972, also from Guatamela, Nicaragua, El Salvador, and the U.S.A. Other strains studied were Shigella flexneri la and 2a and Escherichia coli. In most cases, R factors were transferred from the wild-type strains to E. coli K-12 in our own laboratories (see below), but some R factors, (Table 1) had been transferred to laboratory strains of E. coli at the Center for Disease Control the naturally occurring bacteria (Table 1) to strains of E. coli K-12, J53-1, or J62-1 ( Table 2) . The R factors which were received as already transferred from the original pathogens to strains of E. coli (Table 1) were then transferred to strain J62-2 (Table 2) for the experiments described here. Mating mixtures were plated on MacConkey agar (Oxoid CM7) in which was incorporated nalidixic acid (25 jig/ml) or rifampicin (50 Ag/ml) (appropriately for selection of the K-12 recipient) together with each drug, separately, to which the donor strain was resistant. Colonies developing on the selection plates were purified by restreaking on MacConkey agar and were identified initially by their lac character and subsequently by their amino acid requirements. Their antibiotic resistance patterns were scored using Oxoid Multodisks.
Resistance transfer between lines of E. coli K-12. Mixtures were incubated in broth (Oxoid No. 2) for 1 h and plated on minimal salts agar (4) supplemented to select for the nutritional requirements of the recipient strain and the antibiotic resistance of the donor. Colonies were purified and identified as above.
Test for fi character. R factors were transferred from strain J62 (or J62-1 or J62-2) to HfrC. HfrC R+ was tested for the constitutive production of F pili by spot-testing with phage MS2. Sensitivity to phage MS2 (12) indicated that the R factor was fi-; resistance indicated that it was fi+. Classification by compatibility. Each R factor under study was tested as follows for compatibility with plasmids of the groups listed in Table 3 . The donor, E. coli K-12 J62 (or J62-1 or J62-2) carrying the R factor under test, was mated with a series of J53R+ cultures, each carrying an R factor of a different compatibility group, whose resistance markers were distinguishable from those of the donor (Table 3 ). Ten transconjugant clones of each mating were isolated and purified as described above, and tested, by using double ditch plates, for the presence of resistance markers of the resident and the newly acquired plasmid. Where the resident was eliminated from all transconjugant clones (but was stable in control cultures), the cross was made in the opposite direction, the plasmid of known compatibility now being transferred into the culture carrying as resident the plasmid under test. Elimination of the resident in both directions was taken as evidence that the two plasmids belonged to the same compatibility group.
Where the resident was eliminated from some but not all of the tested transconjugants, the apparent doubles were tested for stability. After 
.~<. (Table 4) , and therefore belongs to group A as well as to group C.
R820a, R821a, and R805a all determined I pili and belonged to the I compatibility complex (24) .
R820a belonged to group Ia; it was incompatible with R64, R144, and JR66a, but compatible with all other groups listed in Table 3 . R820a was fil, like some other I group plasmids (10, 18, 29) .
R821a was fi-and compatible with plasmids of all groups in Table 3 Table 3 , and was found to be incompatible with R"6 and R6'-but compatible with all others. R"6 and R6'-were compatible with all other plasmids of the I complex including JR66a, and there was no evidence that they produced I pili. Thus R805a belonged both to group Iw and to group 0. (Table 1) . Tetracyclinesensitive segregants of R726 and R727 were incompatible with R27 and therefore belonged to group H (see addendum by Grindley et al., reference 19) .
(ii) From South Africa. R factors derived from strains of S. typhi conferred resistance to ApCmSmTcSu, and thus resembled recipient E. coli from some of the Mexican strains (e.g., La Raza 2). However, the R factors from the South African S. typhi strains were fi+ and the resistance determinants to all five drugs were carried on R factors of group FII. The evidence was that all five resistance genes were incompatible with R factor R1-16 (Table 3) .
R factors from Shigella dysenteriae 1. R factors conferring resistance to CmSmTcSu, derived from epidemic strains of S. dysenteriae 1, were tested for compatibility with plasmids of the groups listed in Table 3 . All the R factors from S. dysenteriae 1 were incompatible with R"6 and therefore belonged to group 0. One example, R724, was also tested with R805a (see above) with which it was also incompatible, thus confirming that R805a belonged to group 0 as well as to group Iw. Like R"6, the 0 group plasmids from S. dysenteriae showed no evidence of determining I pili nor of incompatibility with any I group plasmid other than R805a.
No transfer of ampicillin resistance was demonstrated from the S. dysenteriae strains (Table   1 ).
R factors from other bacterial genera. Four other CmSmTcSu resistance factors from Mexico, three from S. flexneri la or 2a, and one from E. coli were tested for compatibility with plasmids of groups H and 0. Two, from S. flexneri la and 2a belonged to group 0; the other two, from a strain of S. flexneri la (isolated in 1960) and an E. coli strain, were compatible with plasmids of groups H and 0 and were not further examined (Table 1) .
In an attempt to find out whether R factors of groups H or 0 were common in Mexico in bacteria other than the epidemic pathogens, we examined R factors conferring various resistance patterns from strains of E. coli (Table 1) . No group H plasmids were detected, but two strains of E. coli yielded R factors belonging to group 0. They appeared to be identical with R805a described above, in that they showed the compatibility properties of group Iw as well as of group 0.
DISCUSSION
Our results indicate that the H plasmid determining resistance to chloramphenicol, streptomycin, tetracycline, and sulfonamides was established in the Mexican S. typhi from the outset of the epidemic and has been retained throughout. The practical importance of such an epidemic strain needs no further emphasis (1, 2, 13, 32) . Our findings also show that the carrying of the H plasmid did not prevent the acquisition of other R factors by the same strain. At least seven isolates carried ampicillin resistance plasmids and one carried a kanamycin resistance factor as well, thus limiting even more severely the choice of therapy in these cases. This epidemic illustrates the two ways in which R factors are important in infectious disease: the acquisition of R factor-determined resistance during the course of an individual illness and the epidemic spread of R+ strains. Here, it was the latter which was much more serious; there was no evidence of further spread of the fortunately rare S. typhi clones which had acquired ampicillin or kanamycin resistance. Whether that was fortuitous or because of altered epidemic properties we cannot tell. In a quite different clinical situation, that of hospital cross-infection, Gardner and Smith (17) found that spread of R+ strains was a commoner cause of resistant infection than acquisition of R factors during the course of an illness.
The group H plasmid was very stable in S. typhi. We confirmed the finding of Grindley et al. (19) that the R factors identified by Paniker and Vimala (33) in S. typhi strains isolated in India also belonged to group H. Anderson and Smith (1) identified an R factor of this group in a strain of S. typhi probably acquired in Spain in 1969. Group H plasmids are evidently well adapted to S. typhi and are an important member of the set of plasmids to be found in that species. F-like R factors conferring resistance to ampicillin, chloramphenicol, and tetracycline were reported by Anderson and Smith (1) (38) . This R factor, R806a, was also incompatible with the prototype of group A. (Grindley et al. (19, 20) described an R factor, TP125, derived from a strain of S. dysenteriae 1 from Central America, and allocated it to compatibility group B. Group B of Grindley et al. is therefore likely to be synonymous with group 0 of this paper.)
